Clustering analysis was based on Euclidean distance and complete linkage and performed using the 3,000 most highly expressed genes (a), the 10,000 most variable genes (b), or the 3,000 most variable genes (c). All genes used had an average expected normalized count > 100 across all samples. Hierarchical clustering analysis of maturational lineage stages of the liver (hBTSCs, hHpSCs, hAHEP), the hFL-HCC tumor line (TU-2010), and primary hFL-HCCs (3 from TCGA, 1 from Xu et. al. 19 ) based on Euclidean distance and Ward's method without variance stabilizing transformation and performed using the 3,000 most highly expressed (left) or the 3,000 most variable genes (right) This table provides information on the quality of the RNA samples and the quality of the sequencing data for each sample. RIN is an indicator of degradation (with 1 indicating complete degradation and 10 indicating no degradation). Most of the samples had a RIN > 7, which is high quality. 260/280 and 260/230 both measure purity of the RNA. The values of these ratios for most samples are close to 2, which is the standard for high purity RNA samples. We obtained > 180 million reads for each sample and, on average, >85% of these reads were uniquely mapped. A small percentage of reads were mapped to multiple locations or not mapped at all. The rest of the mapping statistics provides detailed information on the proportion of reads that corresponded to unspliced regions, splice junctions, or fusion junctions. Many of the "candidate fusions" are not high-confidence. As described in the manuscript, only one high-confidence recurrent fusion was detected, and this was DNAJB1-PRKACA. It was unique to and present in all the hFL-HCCs we analyzed.
MSKCC samples#
Gender Age BMI1 SOX9 PDX1 NIS SHH HepPar-1
Total 4/9 7/9 7/9 7/9 9/9 5/5
Supplementary Table 3. Summary of IHC assays on paraffin sections of original blocks (primary FLHCCs).
The IHC assays on paraffin sections of hFL-HCCs from 9 donors indicated that all are positive for sonic hedgehog (SHH) and, of those assayed, all are positive for HepPar-1. The majority of the tumors (7/9) were positive for SOX9, PDX1, and for NIS, and 4/9 for BMI1. There were two distinct patterns of expression consisting of 1) ones in which most or almost all were positive for a given antigen (e.g. HepPar-1, SHH, NIS and SOX9) but with heterogeneous levels of expression or 2) a pattern in which a percentage of the cells were positive (at least 20%) and the remainder negative (e.g. PDX1 and BMI1).
Age at first diagnosis or age at time of recurrence.  = positive in most of the cells but heterogeneous levels of expression;  = heterogeneous expression with a percentage positive (at least 20%) and the rest negative;  = negative in all of the cells; n.d = not done This table provides information on the quality of the RNA samples and the quality of the sequencing data for each sample. RIN is an indicator of degradation (with 1 indicating complete degradation and 10 indicating no degradation). Most of the samples had a RIN > 7, which is high quality. 260/280 and 260/230 both measure purity of the RNA. The values of these ratios for most samples are close to 2, which is the standard for high purity RNA samples. We obtained > 180 million reads for each sample and, on average, >85% of these reads were uniquely mapped. A small percentage of reads were mapped to multiple locations or not mapped at all. The rest of the mapping statistics provides detailed information on the proportion of reads that corresponded to unspliced regions, splice junctions, or fusion junctions. Many of the "candidate fusions" are not high-confidence. As described in the manuscript, only one high-confidence recurrent fusion was detected, and this was DNAJB1-PRKACA. It was unique to the hFL-HCCs. the liver, and increasing size of omental and peritoneal nodules, the patient returned to MSKCC to obtain further tissue for tumor sensitivity studies and debulking. Biopsies were taken, but his disease was too extensive for debulking. Paclitaxel and thalidomide were then started based on sensitivity studies but were poorly tolerated with continued disease progression, so treatment was stopped. After 4 months it was realized that he had widely disseminated disease especially in the ascites fluid. In early February, 2010, a palliative paracentesis was done for massive ascites, and approximately 5 liters of fluid were removed and transferred to several researchers, including those in the UNC research lab, in hopes that studies on the tumor might identify alternate treatments. A week later the patient passed away peacefully.
Supplementary Note 2.
Background on normal human biliary tree stem cells
More detailed studies and reviews on biliary tree stem cells (hBTSCs) are given elsewhere 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 . In brief, the biliary tree contains stem cell niches, peribiliary glands (PBGs), mucinous glands scattered as intramural PBGs within the walls of the bile ducts and also found as extramural PBGs tethered to the surface of the bile ducts 15, 16, 17 . The phenotypes of the cells within the intramural PBGs can be relatively homogeneous in some sites (e.g. hepato-pancreatic common duct and intrahepatic, large bile ducts) and quite heterogeneous in other sites (e.g. cystic duct, common duct, hepatic duct) 6, 7, 9 . The pattern of phenotypic traits of the PBG cells has been found to indicate maturational lineages in a radial axis from the fibromuscular layer within the duct walls to the lumen of the bile ducts and in a proximal (duodenum)-todistal axis from the duodenum to either liver or pancreas
The PBGs deepest within the bile ducts and near the fibromuscular layer contain the most primitive hBTSCs, those that co-express transcription factors for both liver and pancreas (e.g. SOX17, PDX1), that also co-express multiple pluripotency genes (e.g. OCT4, SOX 2, KLF4/KLF5, NANOG) 1, 2, 4 and that have surface markers of CD44, the hyaluronan receptor, and sodium iodide symporter (NIS). These cells do not express epithelial cell adhesion molecule (EpCAM) or even LGR5. We refer to these as primitive hBTSCs or, A novel marking method has been established by Kaneko et al 24 and enables visualization of unique architectural adaptations of the biliary tree macroscopically and microscopically in response to distinct injuries.
The architectural adaptations are many, but representative examples include ones with periportal damage resulting in greater arborization of ducts, whereas damage pericentrally results in extension and lengthening of the ducts. This suggests a multi-stage process in which injuries trigger regenerative responses in the network of biliary tree stem/progenitor subpopulations and secondarily in their parenchymal cell descendants. The implications are that liver regeneration derives from both stem/progenitors and adult cells. Stem/progenitors can have a role even in normal turnover in quiescent livers or those with mild injuries, since the number of divisions required is small and easily missed 25 . With increasing severity of the injuries, the contributions by stem/progenitor populations are presumed to increase to provide sufficient functional liver tissue for the host to survive 8, 19, 26 .
